Aims-To evaluate the visual function of infants with perinatal cerebral infarction in whom the site and size of the lesion has been determined using magnetic resonance imaging (MRI). Methods-Twelve infants with cerebral infarction on MARI were studied with a battery of tests specifically designed to evaluate visual function in infancy. This included tests: for visual attention (fixation shifts); of cerebral asymmetry (optokinetic nystagmus, visual fields); for assessment of acuity (forced choice preferential looking); and neurophysiological measures of vision (phase reversal and orientation reversal visual evoked potential). Results-A considerable incidence of abnormalities on at least one of the tests for visual function used was observed. The presence or severity of visual abnormalities could not always be predicted by the site and extent of the lesion seen on imaging. Conclusions-Early focal lesions affecting the visual pathway can, to some extent, be compensated for by the immature developing brain. These data suggest that all the infants presenting with focal lesions need to be investigated with a detailed assessment of various aspects of vision. (Arch Dis Child 1996;75:F76-F8 1) 
Abstract
Aims-To evaluate the visual function of infants with perinatal cerebral infarction in whom the site and size of the lesion has been determined using magnetic resonance imaging (MRI). Methods-Twelve infants with cerebral infarction on MARI were studied with a battery of tests specifically designed to evaluate visual function in infancy. This included tests: for visual attention (fixation shifts); of cerebral asymmetry (optokinetic nystagmus, visual fields); for assessment of acuity (forced choice preferential looking); and neurophysiological measures of vision (phase reversal and orientation reversal visual evoked potential). Results-A considerable incidence of abnormalities on at least one of the tests for visual function used was observed. The presence or severity of visual abnormalities could not always be predicted by the site and extent of the lesion seen on imaging. Conclusions-Early focal lesions affecting the visual pathway can, to some extent, be compensated for by the immature developing brain. These data suggest that all the infants presenting with focal lesions need to be investigated with a detailed assessment of various aspects of vision. Cerebral infarction in neonates is typically described as a focal lesion involving both grey and white matter caused by ischaemic or haemorrhagic events. ' The advent of brain imaging has dramatically increased the identification of these lesions in vivo, providing better information about their aetiology, incidence, and extent. Haemorrhagic strokes in neonates are extremely rare and the commonest finding is that of ischaemic infarction sometimes occurring with haemorrhage within the infarcted tissue. The incidence of all infarctions in term newborns has been estimated to be around 1 in 10 000 children,2 while their detection in preterm infants is rare.3
The left hemisphere is three times more likely to be affected than the right, and the middle cerebral artery is the most common site. 4 Several studies have reported the effects of cerebral infarction on visual function in adults. Acquired lesions involving the striate cortex in the occipital lobe usually result in hemianopsia, with loss of the visual field contralateral to the lesion. In contrast, adult patients with more anterior lesions involving the parietal lobe show neglect syndrome. These patients are not blind but have difficulties in shifting attention to objects presented in the contralateral field and, in the most severe situations, ignore the contralateral part of their body."7 No systematic study has been done to evaluate the effect of a neonatal cerebral infarction on the development of visual function in the developing brain.
The aim of this study was to investigate a cohort of infants with neonatal cerebral infarction by using a combined magnetic resonance imaging (MRI) and behavioural approach, including a battery of tests specifically designed for evaluating visual function in infants. More specifically, we wished to evaluate: (1) the incidence of visual abnormalities including neglect; and (2) the correlation between behavioural data and site and size of lesions on MRI.
Methods
This study is part of an ongoing longitudinal study aimed at evaluating the development of visual function in infants with focal perinatal infarction on neonatal MRI. The children recruited in this study were born at, or referred soon after birth, to the Hammersmith Hospital, London, between October 1991 and July 1995. All were born at term of an uncomplicated pregnancy, had normal Apgar scores, and were thought to be neurologically normal. Most infants were initially on the postnatal ward with their mothers. In all these infants the infarction was detected on imaging following the onset of convulsions in the first days of life. MRI was performed using a Picker l.OT HPQ system, using TI and T2 weighted spin echo (SE) and age related inversion recovery (IR) sequences in the transverse plane. All the infants had neonatal and serial imaging performed by 6 and 12 months at least. Only the scan closest in time to the visual assessment were considered in this study.
Lesions were recorded by the consensus of two observers looking for the location and the extent of the infarction, paying particular attention to the involvement of the primary visual cortex and optic radiation.
Results
Twelve children (seven boys, five girls) with predominant unilateral cerebral infarction were selected for this study. Their age ranged from 5 months to 4 years and 2 months. Orthoptic assessment-Eleven of the 12 children studied had normal ocular movements, one had alternating strabismus.
Videorefractometry-All the 12 children had normal refraction.
Acuity-All the 12 children had normal acuity.
Optokinetic nystagmus-All the 12 children showed normal and symmetrical OKN.
Visual fields-Eight of the 12 children showed normal and symmetrical visual fields, four showed field loss, which was partial in three of the four, and complete in one. Fixation shift-Six of the 12 children showed normal and six abnormal fixation shift. The abnormal responses were unilateral in five of the six and bilateral in one. Orientation reversal and phase reversal VEPBecause of lack of co-operation in some of the older infants, VEPs were performed in only seven of the children. They were normal in two and abnormal in the remaining five.
Details of the clinical findings are shown in table 1 .
MRI
Eleven of the 12 infants had evidence of focal infarction in the territory of a major cerebral artery. This involved the middle cerebral artery in 10 and the posterior cerebral artery in one. One child (case 2) showed a unilateral but bifocal lesion, involving the frontal and anterior parietal lobes and the posterior parietal and occipital lobes. Details of the site and extent of the lesions are shown in table 2. Details of the correlation between visual findings and MRI changes are shown in table 3.
MRI changes andfixation shift All 12 children had some involvement of the parietal lobe. Four of these had isolated parietal involvement, but a normal primary visual cortex and optic radiations. Three of the four had a normal and one an abnormal fixation shift. Five children, also had lesions in the optic radiation (fig 2) : two of the five had normal and three an abnormal contralateral fixation shift. Three children had parietal A involvement and lesions in both the primary visual cortex and the optic radiation (fig 3) : one of these had normal and two abnormal contralateral fixation shift. MRI changes and visualfields All the four children with a normal primary visual cortex and optic radiations had normal fields. Three children showed involvement of both the primary visual cortex and optic radiations: one of the three showed normal fields and the other two contralateral field loss. Five children had involvement of the optic radiation only: three of the five had normal and two abnormal fields which were contralateral to the lesion in one but ipsilateral in the other.
VEPs were abnormal in five of the seven children in whom they were recorded, although no specific association was found with the extent of the lesion.
Discussion
Several studies have investigated the correlation between unilateral cerebral infarction and neuromotor outcome. '3 19 Although the incidence of sequelae varied because of different selection criteria and methodology, all these studies reported a low incidence of hemiplegia, suggesting that the effect of an early unilateral brain lesion can be compensated for by the plasticity of the developing brain. This has been further confirmed by the fact that, unlike adults with acquired lesions, children with congenital unilateral lesions do not always show impairment of lateralised functions such as language or visuo-spatial abilities in relation to the side of hemispheric injuries.
Using a battery of tests specifically designed to evaluate visual function in infants we were unable to show a constant association between involvement of the visual structures and abnormal function of the kind observed in adults, yet we observed a considerable incidence of visual abnormalities. Narrower unilateral visual fields were found in two thirds of the children who showed involvement of both the primary visual cortex and the optic radiation while the incidence was lower in children with involvement of the optic radiation alone.
None of our children showed abnormal acuity, irrespective of the extent of their unilateral lesions. This agrees with previous studies reporting normal acuity in infants with unilateral involvement of the optic radiation and primary visual cortex on MRI. 20 21 Although adult and animal studies implicate the parietal lobe in controlling shifts of visual attention,722 24 we found that only one of the four children with isolated parietal involvement showed abnormal fixation shift. In contrast, the higher incidence of abnormal fixation shift in children who had involvement of optic radiation and primary visual cortex in addition to the parietal lesions, suggests that these structures may also have an important role in this function of selective attention.
We were also able to demonstrate that although visual abnormalities were common in our cohort, in some cases early lesions of the visual pathway could be compensated by the developing brain; thus the visual outcome cannot always be predicted by the presence or the extent of the lesion. It is still unclear why and how certain infants compensate for their lesions while others do not, or why other children show clinical signs which are apparently not related to the lesions. One of the children in our cohort, for instance, showed a large infarct of the right middle cerebral artery involving the fronto-parieto-occipital region, but only a punctate lesion in the contralateral internal capsule (case 3). This child showed both visual field and fixation shift abnormalities ipsilateral to the infarction and perfectly normal visual function in the contralateral field. At 1 year of age this child showed some minor signs of motor impairment which were again ipsilateral to the lesion. While the motor impairment might be explained by the involvement of the contralateral internal capsule, it is more difficult to explain why the very extensive lesion does not produce any abnormal contralateral motor sign and why visual abnormalities are ipsilateral to the involvement of the parieto-occipital lesions on MRI.
Interestingly, in this study the abnormal results on all the tests were mainly noted in the children who were tested between 5 and 10 months, while only one of the five children who was older than 19 months at the time of the assessment showed abnormal results. According to our normative data, at 5 months all normal children show brisk refixations on fixation shifts (in both competition and noncompetition situations), and significant responses on both orientation and phase reversal VEP at 8 rev/second. From this age onwards these tests show very little further progression. The presence of a lesion in these children might be responsible for delayed maturation of these functions which may still achieve normal levels by the end of the first year of life. This is in contrast to what has been found in other aspects of development in children with unilateral lesions. Several studies investigating neurodevelopmental outcome in these children have reported a very low incidence of sequelae in the first year of life.'"'6 25 However, more recent studies, based on longer longitudinal follow up, have reported that the long term outcome in these children is less favourable, and that motor sequelae, epilepsy, and other abnormalities of development generally emerge only after the first year of life.'7 26 27 Such subsequent emerging deficits were not apparent in visual function in our cohort, but it will be of interest to evaluate higher levels of visual function which can be tested in older children.
In conclusion, although the presence of a focal unilateral lesion was not always associated with abnormalities of various aspects of visual function, the high incidence of children who were abnormal on at least one of the tests used, suggests that all the children with such lesions need to be longitudinally investigated with a detailed assessment of various aspects of vision. Further longitudinal studies, following the evolution of both visual and imaging findings, are also needed to evaluate whether the abnormalities found in these children in the first year of life are permanent, or only represent a sign of maturational delay.
